Foundation PALGA (the nationwide network and registry of histo-and cytopathology in The Netherlands), Houten, The Netherlands Accurate, consistent and reproducible grading by pathologists is of key-importance for identification of individual patients with invasive breast cancer (IBC) that will or will not benefit from adjuvant systemic treatment. We studied the laboratory-specific grading variation using nationwide real-life data to create insight and awareness in grading variation. Synoptic pathology reports of all IBC resection-specimens, obtained between 2013 and 2016, were retrieved from the nationwide Dutch Pathology Registry (PALGA). Absolute differences in laboratory-proportions of Grades I-III were compared to the national reference. Multivariable logistic regression provided laboratory-specific odds ratios (ORs) for high-vs. low-grade IBC. 33,792 IBC pathology reports of 33,043 patients from 39 laboratories were included, of which 28.1% were reported as Grade I (range between laboratories 16.3-43.3%), 47.6% as Grade II (38.4-57.8%), and 24.3% as Grade III (15.5-34.3%). Based on national guidelines, the indication for adjuvant chemotherapy was dependent on histologic grade in 29.9% of patients. After case-mix correction, 20 laboratories (51.3%) showed a significantly deviant OR. Significant grading differences were also observed among pathologists within laboratories. In this cohort of 33,043 breast cancer patients, we observed substantial inter-and intra-laboratory variation in histologic grading. It can be anticipated that this has influenced outcome including exposure to unnecessary toxicity, since choice of adjuvant chemotherapy was dependent on grade in nearly a third of patients. Better standardization and training seems warranted.
Introduction
About one in seven women in the Netherlands will develop breast cancer during her life, 1 which makes breast cancer the most common type of cancer in Dutch women with approximately 15,000 new diagnoses per year. 2 Histologic grade is one of the best established prognostic factors in breast cancer and is strongly and independently associated with both breast cancer-specific and disease-free survival. 3, 4 Studies even suggest that histologic grade can predict tumor behavior more accurately than other "timedependent" prognostic factors like tumor size. [3] [4] [5] [6] [7] Hence, histologic grade is an important clinical contributor and is widely used to guide therapeutic breast cancer management. 3, 4, 8 Furthermore, since breast cancer screening programs resulted in earlier detection and thereby a greater proportion of both smaller tumors and lymph node negative tumours, [9] [10] [11] histologic grade is determinative in patient management in a substantial number of cases, including the use of genetic profiling tests. 8, [12] [13] [14] [15] Additionally, in contrast to prognostic genetic profiling tests, the evaluation of histologic grade is cheap and can in principle be performed in all cases of breast cancer. 16 The most widely used grading system for invasive breast cancer (IBC) is the modified Bloom and Richardson guideline (Elston-Ellis modification of Scarff-Bloom-Richardson grading system, also known as the Nottingham grading system), 17, 18 which combines the assessment of cell morphology (nuclear polymorphism), measurement of differentiation (tubule formation) and assessment of proliferation (mitotic count), resulting in a total score and derived grade. 18 This system is considered suitable for evaluating IBC in routine clinical setting and is globally incorporated in breast cancer guidelines. 3 Furthermore, Lundin et al. concluded that even when assessed by pathologists who have had no special training in breast cancer pathology, histologic grading in breast cancer is of substantial and independent prognostic value. 19 While grading has systematically been proven to be prognostically very important, accurate, consistent, and reproducible grading by pathologists is of key-importance for identification of individual patients who, based on their prognosis, may or may not benefit from adjuvant treatment. However, current evidence suggests that there is considerable and clinically relevant variation in the grading of IBC. Previous studies, in which a set of IBC was reviewed by several pathologists, mostly showed an overall reproducibility that was no more than moderate. 16, [20] [21] [22] Yet, these conclusions are derived from smaller studies where grading was performed in study setting, and thus this may not resemble real-life grading in daily clinical practice. Moreover, individual practicing pathologists may not have felt addressed by these data, as it did not provide them insight into their own grading practice.
In this context, nationwide daily clinical practice studies did show that there is considerable variation between laboratories and individual pathologists in the grading of, for example, colorectal adenomas 23 and colorectal adenocarcinomas. 24 In addition, we previously reported substantial nationwide interlaboratory and intralaboratory variation in grading of ductal carcinoma in situ of the breast (DCIS). 25 Grading of DCIS is methodologically different from and less standardized than grading of IBC, and DCIS treatment is currently independent of any histopathologic features, whereas treatment of IBC is widely guided by histologic grading. Therefore, it is unclear whether the same conclusions can be drawn for IBC. In light of its current, and important, clinical consequences, it is also particularly important to create insight and awareness in grading variation of IBC.
We studied the laboratory-specific variation in histologic grading of IBC in a nationwide study in the Netherlands. Using the Dutch nationwide pathology registry (PALGA), we assessed the variation in histologic grading of over 33,000 patients with IBC, between Dutch pathology laboratories and between individual pathologists using real-life data from synoptic (structured) pathology reports from daily pathology practice. In addition, we also analyzed the variation of the three components of grading (according to the modified Bloom and Richardson classification) between laboratories. Furthermore, we conducted a questionnaire among pathologists to gain insight into their grading practices. As grade is an important decisiontool in adjuvant treatment, inter-and intra-laboratory variation in grading may lead to under-and over-treatment of a substantial percentage of primary breast cancer patients. Creating insight into these laboratory-specific differences may help to design an intervention to improve standardization among laboratories and pathologists.
Materials and Methods

Data source and study population
Data were extracted from PALGA, the nationwide network and registry of histopathology and cytopathology in the Netherlands, which contains excerpts of all pathology reports from Dutch Pathology laboratories since 1991. 26 All data from the PALGA database are pseudonymized by a trusted third party (ZorgTTP, Houten, The Netherlands). Consent was given by all Dutch laboratories for the storage of their data by PALGA, and for scientific use of these data. Pathology laboratories were initially anonymized and further consent was obtained for additional analysis of interpathologist variation within the individual laboratories (n = 8 laboratories). The scientific and privacy committee of PALGA approved this study. All data were retrieved and handled in compliance with the General Data Protection Regulation Act (GDPR).
We retrieved all synoptic pathology reports of patients with resection specimens of IBC between January 1, 2013, and December 31, 2016, in the Netherlands (n = 48,667). Synchronous IBC was defined as an ipsilateral lesion within 6 months of the first IBC resection. These lesions were considered paired What's new? Histologic grade serves a critical prognostic role in invasive breast cancer (IBC) and is used to guide therapeutic decisions. Evidence indicates, however, that IBC grading varies considerably. Here, grading variation in clinical practice was evaluated using real-life data from laboratories in the nationwide Dutch Pathology Registry. Laboratories varied in IBC grade I, II, and III reporting. Among grading components, nuclear polymorphism showed the greatest difference between laboratories. Within laboratories, one-third of pathologists deviated significantly from national proportions for IBC grade I. Despite deployment of uniform guidelines across laboratories, IBC histologic grading is not necessarily performed in a consistent manner.
measurements of which only the first was included. We solely included patients with primary tumors, thereby excluding resection specimens with complete regression of the tumor, specimens without a tumor after biopsy, and specimens of reexcisions. As neoadjuvant therapy may influence grading, [27] [28] [29] pathology reports of patients who received neoadjuvant treatment were excluded (Supporting Information Fig. S1 ).
In total, 40 out of 46 Dutch laboratories synoptically reported IBC on breast resection specimens. Of these, we included those that synoptically reported ≥250 IBC during the study period. For interpathologist variation within individual laboratories, we only analyzed data from pathologists from the eight participating laboratories who synoptically reported ≥20 IBC during the study period.
For each patient, we extracted sex and age, type of surgery, IBC tumor size, histologic subtype, histologic grade, ER/PR-receptor status (immunohistochemistry [IHC]) and HER2-receptor status (IHC and/or in situ hybridization [ISH]). Reports of IBC with any missing data were excluded from further data analysis (Supporting Information Fig. S1 ).
Analysis of histologic grading
In the PALGA synoptic reporting module, histologic grade was determined according to the modified Bloom and Richardson guideline (Elston-Ellis modification of Scarff-Bloom-Richardson grading system, also known as the Nottingham grading system). According to this guideline, the three components (tubule formation, nuclear polymorphism and mitotic count) are scored from 1 to 3, which results in a total score and derived overall histologic grade (score 3-5 = Grade I, score 6-7 = Grade II, score 8-9 = Grade III). 17, 18 The primary outcome measure of this study was the interlaboratory variation in histologic grading of IBC and separate for its three components. Secondary outcome measure was the interpathologist variation in histologic grading within a single laboratory.
Histologic grading in relation to clinical management
To gain insight into the influence of histologic grading on therapeutic patient management, we identified a subgroup of patients who, in view of current national guidelines, 8 were eligible for adjuvant systemic chemotherapy solely on the basis of histologic grade. This concerned patients ≥35 years of age with a negative HER2-receptor status and a tumor size of 1.1-2 cm, or, in patients <35 years, those with a negative HER2-receptor status and a tumor of ≤1 cm, or a positive HER2-receptor status and a tumor of <0.5 cm. In these patients, Grades II-III tumors qualify for adjuvant chemotherapy, whereas this is not recommended for patients with Grade I tumors. In addition, for this group, it was checked whether the total (modified Bloom and Richardson) score was on a switch point of grades, (i.e., scores 5 [Grade I] or 6 [Grade II] and scores 7 [Grade II] or 8 [Grade III]), where the difference of only one point on the total Bloom and Richardson score could already alter the overall histologic grade and thereby chemotherapy indication.
Questionnaire survey among pathologists
A questionnaire survey was sent to all 46 pathology laboratories in the Netherlands to identify how pathologists determine the histologic grade of IBC in daily clinical practice. The survey contained questions on whether pathologists consider themselves specialized breast pathologists, the number of years of experience as a pathologist, how they count mitoses and how they deal with heterogeneity of histologic grade within one specimen (Supporting Information Fig. S2 ).
Statistical analysis
Patient and tumor characteristics were summarized and differences between histologic grades were tested by means of a χ 2 -test for categorical variables and by a nonparametric Kruskal-Wallis test for continuous variables.
The overall proportions of histologic Grades I, II and III were determined and considered the national proportion. Absolute differences in proportion of histologic grades between laboratories are presented in funnel plots per grade, in which the proportions per laboratory are plotted against the number of included IBC per laboratory (Fig. 1 ). The target of these funnel plots was set at the national proportions with their 95% confidence intervals (CI) as limits. 30 Absolute interlaboratory differences in proportions of the three components of grading were also analyzed.
To compare relative differences among laboratories, odds ratios (OR) and 95% CIs per laboratory were calculated by logistic regression. As there is no clear binary cut-off for low-grade and high-grade IBC in clinical practice, we performed two logistic regression analyses, with different definitions of low-and highgrade IBC. In our first logistic regression analysis, we defined low-grade IBC as Grade I and high-grade IBC as Grades II-III. In our second logistic regression analysis, we defined low-grade IBC as Grades I-II and high-grade IBC as Grade III. Both analyses resulted in ORs and 95% CI for highvs. low-grade IBC.
For the choice of the reference laboratory of the logistic regression models, the sum of absolute deviations from the grade specific national proportions was calculated to compare the absolute deviation for all three grades at once. The laboratory with the lowest sum-score was deemed best resembling the national distribution and was thereupon chosen as reference laboratory.
Two multivariable logistic regression analyses for highvs. low-grade IBC were performed to correct for differences in casemix. To identify potential confounding factors, we selected clinicopathological variables a priori based on literature 18, [31] [32] [33] [34] [35] and on pathologists' experience. These factors included age, sex, tumor size, type of surgery, histologic subtype, hormone-receptor status and HER2-receptor status. Hormone-receptor status (ER/PR) was considered positive when either or both the ER-or PR-receptor were positive. According to the Dutch guideline, and within the synoptic PALGA protocol module, the ER-and PR-receptor status is considered positive when ≥10% of the tumor cells show ER-and PR-specific staining on IHC. 8 Overall, hormone-receptor status was taken into account as a binary variable (either positive (≥10%) or negative (<10%)) and not as a continuous variable van Dooijeweert et al. (percentage of stained tumor nuclei). All variables, except for sex, as the number of males was too low, appeared to be significantly associated with grade and were therefore included in both final multivariate models. It was checked whether males clustered in specific laboratories, but this was not the case. The adjusted ORs (95% CI) are presented in a forest plot (Fig. 2) .
For analysis of the interpathologist variation within the laboratories, we merely compared the proportions per histologic grade between pathologists by Fisher exact test (Monte Carlo option; Fig. 3 , Supporting Information Figs. S3A and S3B). Results of the questionnaire were summarized by frequencies and percentages. Values of p < 0.05 were considered statistically significant. All statistical analyses were performed by using IBM SPSS Statistics version 21.
Results
Characteristics of IBC lesions and laboratories
A total of 33,792 IBC lesions from 33,043 patients were included in our data analysis. For some patients, we included more than one pathology report as this concerned either a bilateral tumor or an ipsilateral tumor more than 6 months after the first IBC resection. All patients originate from a total of 39/46 Dutch pathology laboratories as one laboratory graded less than 250 IBC lesions within the synoptic PALGA protocol module and six laboratories had not yet implemented synoptic reporting at the time of the study (Supporting Information Fig. S1 ). Characteristics of these included patients and corresponding invasive breast tumors are listed in Table 1 .
Mean (SD) age at diagnosis was 62.2 (12.1) years and patients were predominantly female (99.2%). Breast-conserving surgery was performed in the majority of patients (63.9%). Higher histologic grade was positively associated with mastectomy rate and tumor size, and with a negative ER/PR-receptor status and a positive HER2-receptor status.
The number of synoptically reported IBC lesions per laboratory ranged from 80 to 2,225 (median 795). Overall national proportions for IBC Grades I, II and III were 28.1, 47.6 and 24.3%.
Interlaboratory differences in histologic grading
Laboratories varied mostly in the reporting of IBC Grade I (16.3-43.3%), followed by IBC Grade II (38.4-57.8%) and IBC Grade III (15.5-34.3%). Overall, more than half of the laboratories (22/39) showed proportions outside the 95% CI for both Grade I and Grade III (56.4%), whereas this was the case for 41.0% of the laboratories for Grade II (Fig. 1) .
The sum-score was lowest and only 1.6% for laboratory 22, which was thereupon chosen as reference laboratory. The maximum sum-score, in contrast, was 30.3% (Laboratory 1). Using the first definition of high-grade IBC (Grades II-III), multivariate logistic regression showed that 11 laboratories (28.2%) reported a significantly higher (n = 4) or lower (n = 7) proportion of high-grade IBC (Grades II-III) than the reference laboratory ( Fig. 2a ). Adjusted ORs of individual laboratories ranged from 0.43 (95% CI: 0.35-0.54) to 1.98 (95% CI: 1.03-3.79).
Using the second, alternative, definition of high-grade IBC (Grade III), multivariate logistic regression analyses showed that 13 laboratories (33.3%) reported a significantly higher (n = 7) or lower (n = 6) proportion of high-grade IBC (III) than the reference laboratory (Fig. 2b) . Adjusted ORs of individual laboratories ranged from 0.47 (95% CI: 0.34-0.65) to 1.95 (95% CI: 1.52-2.50).
After correction for case-mix in both analyses, using different definitions of high-grade IBC, 20 laboratories (51.3%) had at least one significantly higher or lower OR than the reference laboratory. Four laboratories (10.3%) had significantly deviant ORs on both analyses (Fig. 2 ).
Interlaboratory differences in components of histologic grading
Regarding the three components of grading, most variation between laboratories was observed for nuclear polymorphism (broadest range in category 3 [severe] 14.2-55.0%), followed by mitotic count Overall, the majority of tumors (76.8%) had a total grading score on a switch point of grades, that is, scores 5 or 6 (49.4%) and scores 7 or 8 (27.4%; Table 2 ), for which the difference of only one point on the total Bloom and Richardson score could alter the overall histologic grade and thereby the indication for chemotherapy.
Intralaboratory differences in histologic grading
Sixty-eight pathologists from the eight participating laboratories synoptically reported ≥20 tumors during the study period. Per laboratory, the number of analyzed pathologists ranged from 3 to 15 (median 8). In addition, the number of analyzed IBC lesions per pathologist ranged from 20 to 257 (median 82.5). Overall, 22 pathologists (32.4%) graded significantly deviant compared to the national proportions for IBC Grade I, while this was the case for 16 pathologists (23.5%) for Grade II and for 14 pathologists (20.6%) for Grade III (Fig. 3) .
Most variation between pathologists within the individual laboratories was observed within laboratory 7 for Grade I (range 8.3-50.0%) and Grade II (range 23.7-62.8%), whereas most variation for Grade III (range 14.7%-45.6%) was observed in laboratory 5. For five laboratories (62.5%) the distribution of histologic grade (i.e., the proportions of Grades I-III) significantly differed between pathologists within that laboratory (Supporting Information Figs. S3A and S3B) .
Indication for adjuvant systemic chemotherapy
In 19,461 of the 33,792 IBC lesions (57.6%), the pathology reports held complete information on all relevant variables that in current clinical practice are used to establish the indication for adjuvant chemotherapy in primary breast cancer (i.e., lymph node status, HER2-status, age, tumor size and histologic grade).
Histologic grade determined the indication for adjuvant chemotherapy in 5,821 patients (29.9%; Fig. 4 ). Of this group, 1,801 tumors (30.9%) were reported as Grade I and thus, according to current guidelines, 8 would not have had an indication for adjuvant chemotherapy. In 4,020 tumors (69.1%), solely based on histologic grade, adjuvant chemotherapy has likely been advised, as they were reported as Grade II or III tumors. In total, of the tumors in which the indication for adjuvant chemotherapy was dependent on histologic grade (n = 5,821), 3,187 (54.8%) even had a total score on the switch point of Grades I and II (i.e., an overall score of five [Grade I] or six [Grade II]). 
Results of questionnaire survey
Seventy-nine pathologists out of the approximately 320 practicing pathologists in the Netherlands (25%), 24 responded to our online questionnaire, of which 19.0% worked in an academic hospital at the time. Thirty-seven (46.8%) pathologists denoted themselves as experts in breast pathology. Grading practice of generalized and specialized breast pathologists did not seem to differ (data not shown). All pathologists reported the modified Bloom and Richardson grading guideline as a reference for histologic grading of IBC, however, 11 pathologists (13.9%) also responded that, in their opinion, specific histologic subtypes per definition have a specific grade. In case of heterogeneity of histologic grade within one specimen, the majority of pathologists (76.0%) report the highest grade as overall histologic grade.
Discussion
In this nationwide cohort of 33,043 invasive breast cancer patients, approximately half of the lesions were reported as Grade II (47.6%), whereas Grade I and Grade III were scored in about a quarter of all lesions (28.1% and 24.3%, respectively). The observed overall proportions per grade are in line with previous cohort studies that showed a similar distribution pattern for IBC Grades I (15-30%), II (41-62%) and III (22-33%), although specific percentages vary. [36] [37] [38] [39] [40] [41] As synoptic reporting, compared to narrative reporting, results in an increased overall completeness of pathology reports, 42 and as it enables easy data extraction because all variables are stored in a standardized manner, data included in this study were solely from synoptically reported IBC lesions. Currently, over 80 percent of (pre)malignant breast lesions is reported via the synoptic PALGA protocol by pathologists in the Netherlands. 43 As a control, we compared our data with aggregated data from the Netherlands Cancer Registry, which also holds narrative reports, and observed a similar distribution (data not shown), indicating that the distribution of histologic grade in our population, based on synoptic reporting, is likely to be representative for all IBC patients in the Netherlands.
Laboratory-specific data were analyzed in an absolute and relative manner, in which individual laboratories were compared to both the national proportion and a reference laboratory, all indicating that interlaboratory differences in histologic grading of IBC are substantial. This was illustrated by the large range of proportions per grade, by the sum score with variation of up to 30.3% and by the fact that the reported proportions per grade and the adjusted ORs were significantly deviant from the national distribution in approximately half of the laboratories.
In addition to the substantial interlaboratory variation, significant intralaboratory differences were also observed between pathologists within five of eight analyzed laboratories (62.5%). These findings emphasize that, even within the laboratories, histologic grading is not performed in a similar manner among pathologists, although the same guidelines are used in all laboratories and by all pathologists (modified Bloom and Richardson guideline). In the eight participating laboratories, 38 of 68 pathologists (55.9%) synoptically graded <100 IBC in the study period of 4 years. Although there is no external standard or benchmark to indicate whether a pathologist is an expert in IBC grading, this may imply that there are too many pathologists with too little experience in grading. However, in absolute manner, pathologists may grade more tumors than it seems from our results, as approximately 20% of IBC cases are still graded outside the synoptic protocol. Furthermore, our results show that both pathologists who grade few and pathologists who grade many IBC show significantly deviant proportions. Nevertheless, the results of this study raise the question of whether it is desirable that some pathologists may actually only grade a few IBC cases per year. This may be the subject of future research.
In line with previous studies, 16, [20] [21] [22] most variation between laboratories was observed for nuclear polymorphism, which might be explained by the fact that scoring of this category is least quantitative, when compared to mitosis counting and to scoring the percentage of tubular differentiation. In addition, more than three-quarters of all patients had a tumor with a total score on a switch point of grades (i.e., scores 5 or 6, and scores 7 or 8), which shows that the variation of only one point in the total score of the three components may already change its subsequent histologic grade, and thus may influence patient management.
The results of this study hopefully raise awareness among pathologists and clinical oncologists, emphasizing that treatment decisions depend on histologic grade in a substantial number of patients and that, for individual patients, the difference of only one point on the total score could mean the difference between adjuvant chemotherapy or not. Therefore, accurate, consistent and reproducible grading is of utmost importance. However, this study also shows that histopathologic grading may currently not meet high enough clinical standards for individual patients, which is a crucial first step to improvement. Furthermore, pathologists are enabled to discuss and reflect on their grading practices as these "mirror" data were also sent to the laboratories by PALGA, which may lead to regression to the mean. In addition, these data should not only be discussed by pathologists but also in multidisciplinary meetings with clinical oncologists. In this context, the Dutch Society of Pathology is already considering annual benchmarking of histologic grading of IBC based on "mirror" PALGA data, which may be adopted much broader in the field. In addition, future research might focus on specifically training pathologists in the assessment of histologic grade, which is underlined by Elston and Ellis, who emphasize that grading of IBC should only be undertaken by trained pathologists. 44 Pathologists might, for example, be trained by an elearning, which could attribute to better synchronization of histologic grading.
Despite the indisputable need to improve histologic grading practices, it should be noted that other variables guiding breast cancer patient management have limitations as well. For example, HER2 and ER scoring, and the assessment of small nodal metastases are also subject to interobserver variation. 3, 45 In addition, in contrast to other prognostic parameters, like genetic profiling tests, the evaluation of histologic grade is cheap and can in principle be performed in all breast cancer cases. 12, 16 Furthermore, although molecular or genetic measures of prognosis may become increasingly important in the risk stratification of IBC, it is believed by Elston and Ellis that the future clinical application of molecular measures will be in combination with, and analogous to histologic grade, which is underlined by current (international) guidelines. 8, 13, 14, 44 What is more, the decision to apply expression profiling of IBC is to a great extent based on histologic grade of the tumor. 8, 12, 14, 15, 46 Thus, the assessment of histologic grade may remain of great clinical importance as one of the best established prognostic factors for patients with breast cancer.
The impact of histologic grading is further underlined by our findings that treatment decisions on adjuvant therapy, according to the current guidelines, are solely dependent on histologic grade in almost one in every three patients, which highlights that histologic grading is of great clinical importance, as it influences treatment decisions and may subsequently influence outcome in a substantial part of patients. More than half of this group of patients (54.8%), for whom the indication for adjuvant chemotherapy was dependent on histologic grade (n = 5,821), even had a score on the switch point of grades (i.e., score 5 or score 6), indicating that a difference of only one point on the total score would already alter their indication for adjuvant chemotherapy. With the observed substantial grading variation in this study, it is very likely that this may have influenced treatment decisions. Whether this subsequently influenced outcome of these patients should be the subject of future research. Overall, variation in grading may very easily lead to different treatment indications in a substantial part of patients.
Conclusion
In conclusion, the results of this large nationwide study show that there is substantial variation in the histopathologic grading of IBC, both between and within pathology laboratories. Reducing variation in grading is highly clinically relevant, as, for almost one in every three patients, the decision on adjuvant systemic chemotherapy solely depends on histologic grade. Hence, it is very likely that variation in grading influences treatment decisions and subsequently may influence outcome and exposure to unnecessary toxicity of individual patients. Interventions to improve nationwide histologic grading, for example, by e-learning, may especially focus on the assessment of nuclear polymorphism, as most variation was observed in this category.
